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INTRODUCTION 
For several decades investigators have been working continuously 
to find ways to increase yields of corn. Rates and methods of planting 
have been the subjects of many of these investigations. Planting rates 
which are being used are intended to suit the genetic ability of the 
plants, fertility of the soil and the available farm machinery. Rates 
of planting used prior to eybrid corn were based on tests with open 
pollinated varieties. With the introduction of corn eybrids and an 
increase in the use of fertilizers, yield potentials were changed con­
siderably. The lack of response of eybrids to heavy applications of 
fertilizer at ordinary planting rates indicated tbe.t those rates used 
for open-pollinated varieties might not be adequate to realize the max-
imum yield potential of eybrids. 
The majority of corn population studies have been conducted in 
the eastern or central area of the corn belt, where moisture is not 
usually a limiting factor. It would be unusual it those studies would 
apply to corn growing in the �estern regions of the corn belt, where 
moisture is often inadequate. Therefore a study dealing with rates of 
planting in the western regions of the corn belt is of major interest. 
Every spring the corn growers of this area are confronted with a great 
deal of literature indicating the need for high plant populations to  
realize maximum yield. A study de\ling with plant populations would 
help the corn growers of this area decide which planting rate is best 
suited for their growing conditioni, regardless of the advantage to 
�k -
seed com companies. 
This study was undertaken to extend the range of available infor­
mation on population levels best suited to conditions found in the 
western edge of the corn belt. Using populations ranging from very low 
to very high, it was hoped to establish the general nature of the yield­
stand curve. This is one part of a series of genotype-environment inter­
action studies in corn and small grain presently being conducted at 
South Dakota State College. The&e are designed to test the hypothesis 
that a general population-production curve can be worked out for each 
crop. The general curve could then be modified for conditions such as 
moisture, }vbrids, locations, length of growing season and fertility 
levels. The present work also fits into the continuous exploration 
of the place of com and available Oorn genotypes in the agriculture 
of this area. 
REVIEW OF LITERATURE 
Some Early Population Studies 
Prior to 1900 there were several experiments which indicated a 
general interest in plant populations. Morrow (9) as early as 1890 
summarized early experiments in Illinois by stating that corn can be 
planted too thick or too thin and that the best rate of planting 
depends on climate, soil and variety. Latta (8) reports that rates 
of planting research was start�d at Purdue as early as 1895. He 
found that the thicker the planting rate the better the yields but 
ear size would be smaller. 
It was realized by Hume (;) in 1908 that the rate of planting 
corn was a problem of great importance in the corn belt, and that it 
was to some extent a local problem. He found that on fertile land 
a higher plant population might be used to realize maximum yields than 
on land which was less �ertile. 
Much of the early work on rates of planting until the introduc­
tion of hybrid corn has been summarized by Richey (11) who conc�uded 
that the optimum stand of corn is heavier as one proceeds from genet­
ically larger to smaller plants ,  from low to high moisture supply and 
from low to high soil productivity. 
Recent P9pulation Studies 
An extensive review of literature on plant population and rates 
of planting prior to 1950 is presented by Shubeck and Caldwell (14). 
-�-
The interest in populations and stand has not decreased since 1950. 
Of the recent papers, it is possible to indicate here only those 
which contain information pertinent to this investigation. 
Plant Spacings and Yield 
Hume et al. (4) in a rate and date of planting study in South 
Dakota point out that the state may be divided into three areas on the 
basis of the place of corn on the farms namely the eastern, central 
l: 
and western area. This experiment was conducted over a ten year period 
and i�luded three dif£erent commercial eybrids planted at three rates. 
It vas concluded that the highest average yields in the eastern area were 
obtained by using a planting rate sufficient to give ;.; plants per hill, 
and in the central and western area a rate giving 2.5 plants per hill, 
or leas depending on land use. Rounds et al. (13) using ;1 different 
commercial eybrida in a rate and method of planting study in Michigan, 
s howed that these hybrids averaged 23.4 per cent more corn per acre 
when planted at three plants per hill than at two plants per hill. 
They also pointed out-that eybrids differ in their ability to respond 
to increased rate of planting. In this experiment, drilled corn 
yielded as much as seven per cent over corn planted in hills, but still 
the rate of planting had a greater effect on corn yields than the 
method of planting. The highest yield was obtai.ned at the highest 
rate of planting in 75 out of �9 comparisons. Kolmke and Miles (5) 
found ths.t in Indiana,on very fert4-le soils drilled corn was superior 
to hilled and uniform-spaced corn, and the best yields were obtained 
at the rate of 15,000 to 19,000 P,J.,ults per acre. Results of comparisons 
• .t- ,. 
of single-plant hills as compared to multiple-plant hills in Michigan 
are reported by Dugan (1). He found that yields of both grain and 
forage of single-plant hills were significantly higher than multiple­
plant hills at higher populations. At the higher population levels 
multiple-plant hills had not only lower yields but more slender stalks 
and a higher stalk lodging percentage than the single-plant hills. 
This may be the result of more severe crowding and greater plant com­
petition in the multiple-plant hills. 
Zuber and Grogan (17), in Missouri, studied the effects of 
three rates of planting on 12 adapted hybrids, six of which were pro­
lific types. They found that the most favorable rate of' planting tor 
both single ear and prolific eybrids was 12,000 plants per acre. The 
prolific type eybrids appeared to. be more consistent in yield perfor-
& � 
me.nee regardless of planting rate. It would appear from their work 
that prolific type hybrids should be included in f'uture population in­
vestigations. 
Under irrigation, yields can be increased up to a point by in­
creasing the number of plants per acre. La.nice et al. (6) point out 
that under irrigated conditions in Nebraska four or five plants per 
hill were able to yield 150-bushel com per acre. This would mean a 
plant population of over 20,000 would be somewhat in excess even tmder 
Nebraska conditions where soil moisture and fertility were considered 
adequate. 
It has been concluded by Shdbeck and Caldwell (14) that an in-
crease, in the number of com plll1lts per acre resulted in an increase 
in yield up to a point which depe!ided upon the soil type, its native 
fertility, 'the fertilizer used and the moisture supply. 
,,, 
Plant Characteristics Influenced by Pl ant Populations 
As plant populations are increased from low to high, various 
challges in plant characteristics may be noted. Zuber and Grogan (17) 
point out that stalk lodging increased as planting rates increased. 
They found lodging more than doubled for each increase of 4,000 plants 
per acre, starting at the 8,000 level. This is in general agreement 
rl t h  various other workers (1, 5, 13, 14, 15) . As populations are 
in creased the average ear weight and size tend to decrease. Rounds 
(13) points out that the loss in ear weight as populations are raised 
i s  more than offset by the greater number of ears produced by the high­
er plant populations. This is in general agreement with several others 
(14 , 15 , 16). It can also be not�d that eilking dates are affected by 
increasing plant populations. Kohnke and Miles (5) found that the 
silking date for corn in Indiana was delayed one day for each increase 
o f  3,5()0-4,ooo plants per acre� They pointed out that the silking date 
is an index of the growth period and is important in planning cultural 
practices but cannot be used to determine �ptimum plant populations. 
This is in agreement with Shubeck and Caldwell (14) who indicated that 
the silking date may be delayed as much as five days by using a pop­
ulation of  17, 780 plants per acre instead of 3,556 plants per acre. 
These delays in or changes in silking dates can cause very serious 
delays in maturity. Contrary t.o this Rounds et al. (1;) and Zuber 
and Grog8.ll ( 17) found that by incteasing plant population silking dates 
e.nd maturity of the hybrids were not affected • 
. )' ... .. 
Influence of Available Soil Moisture on Yields 
It is kno',ll'l that adequate moisture during the growing see.son is 
essential if corn is to express maximum yields. By the use of irri-
7 
gation i� is po�:�ble to give corn 8111pl e total moi sture durin� the 
growing season. Robins and Domingo (12) studied the effects of severe 
moisture deficits on corn at various stages of growth. The week before 
tasseling was critical; wilting at this stage could cause a 25 to 50 
per cent yield reduction, depending on duration. This yield reduction 
was due to poor fertilization and reduced ear size. They attributed 
the poor fertilization to non-receptive silks, although in large fields 
pollen sterility might be an additional factor. Severe dwarfing and 
delayed maturity (via delayed tjsselling) ms.y have been in  part factors 
in ee.r size reduction. 
Corn growing under i rrigated conditions results in maximum pro­
duction only if there is ample soil moi sture and soil fertility at the 
critical growth stages. When using higher plant populations 1..Ulder irri­
gated conditions, the above considerations must be used to realize maxi­
mum yield potentials of those populations. 
Materials and Methods 
Eight different commercial corn eybrids, representing eight 
different and consecutive relative maturity classes, (Table I )  vere 
used in this study during the years 1957 and 1�58. The InAtur· t1 le,tis 
of these eybrids ranged from very early (78-80 days), which is early 
enough for North Dakota, to 125 days which is usable in Nebraska., 
with the medium maturing eybrids generally adapted to South Dakota. 
The allocation of eybrids to a test location was such as to 
match the average pe:nnissible maturity level in that area and one or 
more maturity classes on either side of this date. As a result two 
cybrids are common to all stations. These eight eybrids were grown 
at seven rates, with the rates CYf planting determined by the area in 
which the eybrids were grovn. 
The four test locations used in this study (Table III) were 
chosen to represent four major corn growing areas of South Dakota. 
Three of the four test locations used were on dry land, selected on 
the basis of environment and elevation to put stresses on the eybrids 
in moisture, time and temperature. The fourth test location, using irri­
gati on, and high fertility treatments, was selected to give conditions 
in a very favorable environment under which maximum yields could be 
obtained. 
.. 
Hybrids and Stands 
The eight commercial hybrids which were used in this study e.re 
listed in Table I .  
TA.31.Z I. LISI'H!G OF TEE CO'.'.HSRCIAL ::'YB:UDS USED IN ST.:J:i:l STL1)'! , 
T;�IR RELATITI MATURITY, A!-:0 A.�A OF ADAPTIO!f 
Day 
Hybrid Maturity Area of Adaptation 
(Relative) 
AES 101 78- 80 Southeastern �:orth Dakot:i 
Sokota s0220 80- 82 Northeaste m South Dakota 
Sokota SD2;0 90- 95 East Central South Dakota 
Sokota sD4oo 98-100 East Central South Dakota 
Funks G26 100-105 Ea.st Central South Dakota 
Funks 'J75A 115-120 So·.1theastem South Dakoto 
DeKalb 627 1 15-120 Southeastern South Dakota 
DeKal b ,xi 120-125 -r Central Nebraska 
The seven rates of planting whi ch were used over the four loca­
tions started at 4 ,000 plants per acre, increased in multiples of 
4,000 plants and continued to �2,000 plant� per acre. The 20,000 
plants per acre rate was used at only one test location, Yanktor.. 
By using a Colombia garden planter it was possible to obtain 
an initial stand of 6o ,OOO to 65,000 plants per acre. \fuen the plants 
reached a height of about 8-10 inches, the plots were thinned to the 
desired stand. Strips of wood were used as an nid in thinning with 
tte desired spacings between pla11ts being marked on the strips. 
(?igc:re 1 . ) .  All plants between marks were re:::ioved by hand, leavin� 
the desired stand. {Fig-1.1re 2 ..)..,": Figure 3 shows the spa.cini; between 
plants to obtain 
'1'm'e l. Method ot Th�nn1ng to Bxut Popa].ation 
F1p:N 2. Vin ot Plot. after Th1nn1ng Operatica 
11.gun 3- Fl.ant Spacing tor 4,000 Pl.am• per .lore 
L. 
� 
,Ill> 
P1gare 4. Plant Spacing �fc,r 32,000 Plante per .lcre 
1 1  
4,000 plants per acre, and Figure 4 shows the spacing to obtain 32,000 
plants per ac re. These are the two extremes used in th.is study. 
The hybrids and rates which were used in this study have 
been coded for convenience of reference in the tables and in the re­
sults and discussion sections. The code used is presented in Table II. 
fvbrid 
TABLE II. CODE FOR HYBRIDS AND RATES AS USED IN TABLES, 
RESULTS .AND DISCUSSION 
Code Code 
Number Rate Number 
AES 101 l 4M* 1 
Sokota SD220 BM* 2 
Sokota SD250 ; 12M ; 
Sokota SD40o 4 16M 4 
Funks G26 5 20M 5 
Funks G75A 6 24M 6 
DeKalb 627 7 ;2M 8 
DeKalb ;xi 8 
• Plants per acre in thousands. 
Lo�ations 
A summary of all locations indicating, hybrids, stands, environ-
mental and top�graphic conditions, plot size, and number of replications 
used at each test location is presented in Table III. 
Prior .Experi':llents 
A single year1 s experiment with three hybrids grown at six rates 
in five replications in 1956 was available for Brookings. Information 
from this experiment was used in planning the 1957 and 1958 work. The 
Brookings 1956 resul ts will be reported with those obtained in the two 
succeeding years. 
Experimental Design 
l ;  
A factorial design was used in this experiment_. Hybrids and rates 
were completely randomized independently of each other within each re­
plication. At the Yankton location four fertility levels were used and 
each fertility level acted as a replication to hybrids and rates of 
planting. The fertility levels werj not replicated. 
Method of Harvest 
Each plot consisted of four rows. The two center rows in each 
plot were used for determination of forage and grain yields. By using 
four row plots the two outside ro.,:s acted as borders. Wi tb different 
populations being used plot border effects were very great so that only 
the two center rows of each plot were, in effect, under the sSllle conditions 
at all times, thus free of border ef'fects. 
Forage samples consisting of a 10 foot section of each of the two 
center rows were taken from each. plot at each location during September. 
A Jari mower was used to cut the teff foot sections from each row. The 
stalks were then weighed as a bulk sample and run through a small ensine­
driven ensilage chopper. The chopp�d stalks were then mixed thoroughly 
and two s::n.aller se.mpl es drawn and weighed. These sa111ples were o\·e:i 
1 2 9 9 C 2  
1 .'..:  
dried to d�termine the per cent moist ure in t�e forage at harvest. 
The remaining sections o� the two center rows, �fter toe forage 
sample had been removed, were used to determine the yield of grain. The 
entire rows were picked, weighed, and a randoc sample of twenty ears, 
was drawn and weighed. This twenty ear sample was then oven dried and 
reweighed to determine the moisture of the grain at harvest. 
Yield results from all stations for grain, stover, and total for­
age (dry matter production) were reported on a moisture free basis, in 
pounds per acre. That puts all measurements of productivity on a common 
scale ,  and permits comparisons of plant efficiency of grain production as 
compared to total elaboration of dry matter. 
The variance analyses were rl¥1 on a po'.lnd per plot basis, with all 
plots corrected to uniform plot size and moist·..ire free condition. The 
work of calculation was considerably simplified by use of punch cards 
and use of the IBM equipment to get sums of squares • 
.. 
,. 
Location 
TARU: III. LOC'ATIONS REPRESENTING FOUR MAJOR COO.N ARFAS OF SO\ITH. DAKOTA WITH 
PERTINENT lNFORMt\TION GIVEN FCll FACH LOCATION 
Eleva- Rain- Rotation 
tion fall Soil and Hybrids Rates Plot 
No. 
of 
Feet Av.-ltft Type Fertility Size Replications· 
Agronomy Farm, South 1682 19.95 Viennia Corn, S0220 4M•32M 4 Rows 3 
Dakota State College ·Loam small grain SD250 4M•32M 33 1x42" 
Experiment Station j S0400 4M-32M 
(Brookings Co.) G26 4M-32M 
Central Experimental 1892 11.20 Williams Corn AES101 4M-24M 4 Rows 
1arm, Highmore, So. Loam small grain S0220 4M-24M 33 1 x40" 3 
,\ak. (Hyie co. j � .... $D250 4M•24M 
S0400 4M•24M 
Northeast Experimental 2000 20.57 Kranzburg Corn AESlOl 4M•24M 4 Rows 3 
Farm, Watertown, silt small grain 5D220 4M-24'M 33'x40" 
so. oak. (Codington Loam S0250 4M-24M 
County) SD400 4M-24M 
Farm of William and 1200 24.03 Volin 0-40-0 S0250 12M•32M 
Tim Moore, Yankton, Associate 60-40-0 $D400 12M•32M 4 Rows 4* 
so. oak. 180-40-0 G75A 12M-32l4 35 'x40" 
(Yankton Co.) 240-40-0 627 12M-32l•l 
Jxl 12M-32H 
1'Rates of Fertilizer: Replication 
1h\Moisture averages taken from 1941 Yearbook of Agriculture , Climate and Man. USDA 
v, 
, -
EXP:::Rns.::TAL nESULTS 
iio evaluation of corn yield s ,  is ,  of course, desirable outside the 
framework of the seasonal cl imatic conditions. Therefore, the weather 
data corresponding to the experimen�s i s  summari zed for the in<li-iaual 
stations for the appropriate years in Table IV.  
In these results , the yield phases of the experi�ents will be  treat­
ed first, both in the text and the tables ( V-XXX) . The mat:lri ty data ob­
tained in the same experiments ��11  then be treated briefly (Tables XXXI-
XXXIV) . 
Brookin.:; s 
The yield results from 3roolQ.ngs are reported as treatment and 
l!IE:.in effect averages in Tables V throu�h XII .  
The Brookings data indicate very c onsiderable year to year varia­
tion in total yield. Likewise, lzybrids and rates varied in their response 
to the three seasons. _These dif'f'erences might well be expected from the 
strikinb differences in the degree of moisture stress realized in them. 
Variance analysis of the data indicates that rate of planting 
af'f'ected yield over all hybrids ,  and at all three levels of stress as ex­
pressed in the three seasons, and surprisingly enough, regardless of 
whether yield was measured as total dry matter produc ed, stover or grain • ... 
It would only be fair to note that the grain yield differences in 1956 
4 
are in one direction, those in 1 958 are exactly opposite. The intermedi-
ate year, 1957 , i s  the only one showir.g a significant ro.te-hybrid inter-
� ,.. action, and then �or grain yield only. Overo 11 :-:,brid -::ie r!'onw.nce was � . 
significant for all neasures of yield only in 195:, while in 1957 and 
1 7  
and 1 958, even the earliest hybrid produced all the dry matter permi tted 
by the available moisture, and then choice of eybrid was significant only 
with regard to the portion of dry m atter converted to grain. 
Station and 
Year 
Brookings 
1956 
Brookings 
.. 1957 
:", " 
Brookings 
1958 
Highmore 
1957 
TABLE IV. TEMPERATURE AND PRECIPITATION FOR THE 1956 , 1957 AND 1958 GRCMING 
SEASONS AT BROOKINGS . HIGHMORE . WATERTGlN AND YANKTON•* 
Temp-.rature in Dewrees F 
Departure 
from Average 
Precieitation in Inches 
Departure 
Month Season from Total 
Nonth Average Normal Departure Total Total Normal Departure 
May 57.8 0.2  I 2.74 0.09 
June 71.9 4.5 4.06 0.01 
July 67.9 �5.8 6.03 3.97 
Aug. 67.8 -3.5 3.77 0.87 
Sept. 58.2 -3.4 -1.60 0.40 17.00 -l.70 3.30 
May 54.2 -3.4 4.52 1.87 
June 62.9 -4.5 4.00 0.01 
, July 75.8 2.1 .. ,., .97 -1.09 
Aug. 69.0 -2.3 1.90 -1.00 
Sept. 56.9 -4.7 -2.56 1.35 12.74 -0.75 -0.96 
May 60.6 3.0 0.10 -2.55 
June 61.8 -5.6 3.45 -0.54 
July 68.l -5.6 3.01 0.95 
Aug. 71.4 0.1 .87 -2.03 
Sept. 61.8 0.2 -1.58 1.91 9.34 .19 4.36 
May 54.8 -2.4 5.29 3.11  
June 64.4 -2.3 4.38 o.67 
July 74.4 -o.s 5.00 3.20 
Aug. 71.7 -1.1 2.82 0.83 
Sept. 58.3 -4.5 -2.16 2 .01 19.56 0.86 8.67 
-.\From Monthly Climatological Data, U .s. Dept. of COOlllerce, Weather Bureau, Huron, S .o. 
0 'k'A'Number of days between the last spring temperature of 32°F. and the first fall temp. of 32 F. 
Frost 
Free 
Daystt , 
123 
125 
12) 
165 
.... 
co 
TADU: IV. 
Station and 
Year 
Highmore 
1958 
Watertown 
1957 
,'QatertOV\} 
1958 
Yankton 
1957 
Yankton 
1958 
(Continued) 
Temperature in oesrees F. 
Departure 
From 
Month Average Normal 
May 59.8 2.6 
June 62.4 -4.3 
July 67.6 -7.3 
Aug. 74.3 1.5 
Sept. 64.0 1.2 
May 52.5 -3.6 
June 63.3 -2.5 
July 75.3 2.1 
Aug. 68.7 -1.4 
Sept. 56.4 -3. 7 
• May 56.3 -1.8 
June 55.5 -12.7 
July 64.5 -10.0 
Aug. 69.2 -2.4 
Sept. 57.8 -4.7 
May 56.8 -2.7 
June 67.4 -2.2 
July 77.3 o.a 
Aug. 72. l -1.7 
Sept. 59.1 -4.9 
May 62.4 2.9 
June 65.3 -4.3 
July 70.5 -6.0 
Aug. 74.7  0.9 
Sept. 64.5 o.s 
Preci2itation in Inches 
Departure Frost 
Average Month season From total Free 
Departure Total Total Normal Departure Days** 
1.34 -o.84 
2.27 -1.44 
2.23 o.43 
1.76 -0.23 
- .10 • 92. 9.52 -0.29 - .47 
5.68 2.88 
2.15 -1.06 
.46 -2.38 
3.47 0.82. 
-1.70 1.98 14.34 0.05 .31 133 
� "· 1.49 -1.31 
2.65 -1.16 
2.68 -0.16 
.57 -2.08 
-6.32 .81 8.20 -1.12 -5.83 116 
5.48 2.25 
6.41 1.83 
2.15 - .35 
2.32 - • 73 
-2.14 1.78 18.14 - .51 2.49 
1.19 -2.04 
2.10 -2.48 
3.20 .70 
.52 -2.53 
-1.20 .82 7.83 -1.47 -7.82 154 
It is evident from Table VI that the total drJ matter produc­
tion for any genotype tended to increase with increased rate 0£ planting 
until a maximum was reached. Af'ter that, additional population had no 
further effect, and it may be assumed that the individual plants were 
smaller. Beyond this maximum point total dry matter production seemed 
to vary randomly at that 1 evel. 
With regard to stover, which of course is the difference between 
total dry matter produced and grain, there is an increase as the rate o f  
planting is  increased, regardless of hybrid. Since the total plant pro­
duct rises to a maximum, and then remains constant, the implication of 
this continuing rise is clear. The higher the planting rate, the great­
er the share of total production . going into stover, and the less avail-
able for grain. Ultimately a point might be reached where stover and 
total plant product would become equal, end grain yield would fall to zero. 
Table V shows that this situation was actually approached in 
1958, vhen grain yields at high rates fell to failure levels, especi­
ally with late eybrids. In that year of' d_rought, the 4,000 plant rate 
gave the best yield for all hybrids, with the top single combination 
being SD250 at 4,000 plants, as it had been in 1957. Top individual 
treatment in 1956, however, was SD250 at 16,000 plants. Fortunately 
the same eybrid, even at 12,000 plants per acre, did not fall into the 
failure class in 1957 and 1958. 
The three year average fof' grain yield at Brookings sbovs the 
two combinations, SD25() at 12,000 and SD220 at 16,000 as best of 
those tried here. Later bybriU:and higher rates all yielded less, 
the degree of reduction depending o n  the derree of departure· �rom 
TABLE V. AVERAGE YIELD OF GRAIN IN CORN UTE OF PLA.,....TrnG 
S!UDY, BROOKINGS 1956-19; 8. 
Yield in Pounds of Dry Matter Per Acre 
Hybrid Rate 1956 1957 1958 
2 l 3,161 3,042 2,441 
2 2 4,453 ;,496 1 , 721 
2 3 5,44o 3, 331 1 ,810 
2 4 5,932 3,604 1 , ,02 
2 6 5,981 2,852 974 
2 8 5,805 2, 146 544 
3 1 4,034 .: 4,029 2,611 .. 
, 2 5,438 3,328 1 ,461 
3 3 6,104 3,282 1 ,710 
3 4 6,811 3,131 4,0 
3 6 6,701 1 ,499 311 
3 8 6,512 1 , 204 422 
4 1 3,965 3,945 2,533 
4 2 5 ,256 3,350 963 
4 3 6,259 3,561 66; 
4 4 6 , 359 2,024 ;co 
4 6 6,612 977 105 
4 8 5,807 1 ,201 78 
5 1 3,932 2,408 
'" . 
*eybrid 5, Mean of two years onl y 
:.1 
Hean 
2,881 
3,223 
3,527 
3,613 
3 ,269 
2,832 
3 , 558 
;,4o9 
3,699 
3,457 
2 ,837 
2 , 713 
3,481 
3 ,190 
3,494 
2 ,894 
2 ,565 
2 , 362 
3, 170• 
- "' 
TA!3LE V .  ( Gontinued) 
!S[brid rlate 1956 illl 1222 � 
5 2 3,621 1 ,442 2 ,532 
5 5 5,095 9o3 2,0�� 
5 4 2,5e2 573 1 ,478 
5 6 1 ,948 152 1 ,050 
5 8 955 110 552 
TABLE VI. AVERAGE YIELD OF TOTAL FOP.AGE AND STOVER IN 
CO?.N RATE OF PLANTING S!UDY , BROOKINGS 1956-1958. 
Yield i n  Pounds of Dry Matter Per Acre 
Forage Stover 
Hybrid Rate 1956 1957 1958 Mean 1956 1957 
2 2 8,466 4,998 4,565 6,010 3,887 1 ,502 
2 3 10,254 5 ,929 5 ,515 7,232 4,293 2 ,595 
2 4 1 1 ,353 5 , 783 5 , 214 7,450 4,808 2, 178 
2 6 11 ,695 5 , 355 4,879 7,310 4,93,r 2 ,503 
2 8 11 ,585 5 ,547 4,64; 7,192 5 ,017 ;,201 
3 2 11 ,513 5 , 756 5,848 7,039 5 ,274 2,427 
3 5 12,002 5 ,509 6 , 335 7 ,982 5 ,061 2,258 
3 4 13,502 5 , 509 4,4;0 7,814 5 ,743 2 , ,79 
; 6 1 ;, 195 5 ,436 4,800 7,810 5,772 3,935 
; 8 1;,46.0 7 ,436 5 , 21 7  8,704 6,185 6 , 235 
4 2 11 ,872 5 ,163 3,994 7,010 5 ,562 1 ,81; 
4 ; 14,097 5 ,504 5 ,593 8,398 6,556 1 , 943 
4 4 13,651 5 , 163 4 ,684 7,832 6,143 5,142 
4 6 14,184 5 ,872 4,754 8,270 6,655 4,941 
4 8 14,114 5 ,009 5 ,566 8,2;o 7,278 ,,807 
5 2 5 ,758 4,717 5 ,258• 2,158 
5 5 5 ,899 5 ,54�5 5 ,722 2 ,806 
5 4 7 ,731 4,516 6,124 5 ,150 
5 6 5 , 206 4,779 4,993 3, 255 
5 8 5 ,228 5 �8a8 5 ,558 4 ,275 . � 
1958 Mean 
2,844 2,744 
;, 705 3,531 
3,912 ;,6;:; 
3,92; 3,788 
4 ,099 4,106 
2 ,387 3 ,363 
4,625 3,975 
4,ooo 4,041 
4,489 4,732 
4,795 5 , 758 
3,031 ;,469 
4,9?,0 4,476 
4 ,384 4,556 
4,649 5 ,415 
5,488 5 ,524 
3 ,275 2 ,  707• 
4,582 ,,694 
4 ,143 4,647 
4,627 5 ,941 
5 ,778 5,027 
*Ifybrid 5 ,  mean of two yea.rs only. Rate l not included in forage or stove�. 
Rate 
1 
2 
3 
4 
6 
8 
TABLE 1TII .  MEANS OF MAIN EFFEJTS, COR.': RATE OF PLAJl1TING 
STUDY , BROOKINGS, 1956 • 
Yield in PoW1ds of Dry Matter Per Acre 
Forage* Stover 
8,453 4 ,206 
10,617 4,907 
12,118 5 , ;o, 
12,8;4 5 , 565 
1;,016 5 ,789 
1,,054 6, 160 
J::\ybrids 
2 9,885 .,, 4 , 264 
3 12,162 5 , 453 
4 12,994 6 ,249 
Grain 
3,721 
5 ,021 
5 ,948 
6, ,{>7 
6,431 
6,042 
5 ,135 
5 ,94o 
5 ,710 
•Notes Grain plus stover will not equal total forage, because grain i s  
determined on ooisture £ree basis and forage a-�d stover are not. 
TABLE VIII . MEANS OF MAIN EFFECTS, CORN ?.A.TE OF 
PLANTING STUDY , BROOKINGS, 1957. 
Yield in Pounds of Dry Matter Per Acre 
Rate Forage Stover Grain 
2 5,417 1 , 970 ;,447 
; 5,712 2 , ;95 ;,;18 
4 6,048 ;,212 2 ,9;; 
6 5,48o ;,661 1 , 818 
8 5, 75; 4, 378 1 , ;75 
Hybrids 
2 4,568* 1 ,997* ;,079 
; 4,944 . 2 , 868 2,747 . ., 
4,462 2,6o9 2,508 
5 4 ,971 2,9;9 2 ,687 
*Notes Grain plus stover will note equal total forage, because low 
rate 1 ,  is not included in forage and stover. 
Rate 
2 
; 
4 
6 
8 
TABLE IX. MEAN OF MAIN EFFECTS, CORil RATE OF 
PLANTING STUDY , BROOKINGS, 1958. 
Yield in Pounds of Dry Matter Per Acre 
Forage Stover 
4,281 2,885 
5,748 .... 4,671 
4,711 4,113  
4,803 •J:: 4,419 
5,331 5,041 
Grain 
l ,;88 
1 ,288 
60; 
;87 
290 
TABLE IX. (Continued) 
� Forage Stovf::r 
Hybrids 
2 4, 137* 3, 079* 
3 4, 105 3 ,534 
4 4,097 ;,, 745 
5 4,24o 5,734 
*Note: Grain plus stover will note equal forage because 
rate 1 ,  is not included in forage and stover. 
TABLE X. ANALYSIS OF VARIANCE ,  COim RATE OF 
PLANTING STUDY, BROOKINGS ,  1956 • 
So•.lrce DF . ., Forage Stover 
MS 
H;ybrids 2 1 ,806.27•• 696.81 ** 
Rat.es 5 1, 177.74•• 167.04•* 
Rat.es :x czy-b rid 10 58.24 24.6; 
P.epli cation 4 7 34.52•• 311 .,36** 
Error 68 34.39 14. 32 
Total 89 
* *Significant at 1% 1 evel. 
...., 
26 
Grain 
1 , 464 
1 , 158 
774 
909 
low planting 
Grain 
MS 
119.82** 
;11.r;•• 
4.17 
53.48•• 
5. 68 
TABLE XI. ANALY� IS OF' VARIANCE, CORN RAT� OF 
PLA.NTING STiJLi, BROOKINGS ,  1957. 
Source DF 
�-brids ; 
Ra.t�s 4 
Rates x �brid 12 
Replication 2 
Error � 
Total 59 
**Significant at 1% level 
* Significant at 5% le'lel 
Forage 
;1.71 
1,124.17•• 
21.88 
76.72• 
19.03 
, . .., 
Stover DF 
MS 
45.07 ; 
486.11 ° 5 
,;.39 15 
72.46 2 
25.67 46 
71 
TABLE XII. AJ�ALYS I.3 OF VARIAJ'iCE , CORN RATE OF 
PLAJ�TING STt.r�:, BROOKINGS, 1958. 
Source DF 
ftybrids 3 
Rates 4 
Rates x 11Ybrids 1 2  
Replication 2 
Error 38 
Total 59 
**Significant at 1% level 
* Significant at 5% level 
Forage 
1 .06 
898.25•• 
7.45 
82.4o• 
17 .95 
.. .  ... 
Stover DF 
MS 
23.80 3 
722.02** 5 
8.85 15 
54-53* 2 
14.79 46 
71 
Grain 
MS 
1; .90° 
149.03** 
10. 73** 
. 8 8  
1.49 
Grain 
MS 
22. 70** 
114.31 ° 
2.53 
1.07 
2.51 
optimum rate and genotypee 
The degree of moi sture stres s  developing under the severe summer 
drought at Brookings in 1958 may be taken as representative of drought 
conditions wi. th adapted and unadapted eybrids at various rates adequate 
and excessive for the available moisture. As the moisture deficiency 
beca=ie more cri tical during the late weeks of July and early August, 
severe drought damage b ecame more and more apparent at high rates of 
planting, and especially on the later genotypes. Figures 5 through 8 
i l lustrate the differences in drought damage associated with different 
treatment combinations. Figure 5 shows differences in wilting between 
SD-4oo at 16 ,000 plants per acre , and SD2;0 at 8,000 plants.  Figure 6 
shows the degree of wilting, firi�g and associated drought damage with 
SD250 at 24,000 plants.  Figure 7� shows extreme firing and stalk size 
reduction in S0400 at ;2,000, as seen through an 8,000 plant stand of 
the same eybrid,  which is still in good condition. Figure 8 shows the 
striking differences in drought i njury on G26, comparing a ;2,000 plant 
stand with a 12,000 plant stand . 
Ear size differences associated with stand levels in 1958 were 
extreme; at the lowest rate fairly large ears were obtained weighing up 
to one-half pound each. At the high rates, f'ew ears with any grain were 
obtained, end even they had very poor seed set. 
Comparative ear sizes obtained under more favorable conditions 
in 1957 at Brookings are shown in _,igures 9 through 14, illustrating 
tYPical ea.rs of SD250 at consecutive rat e s  of planting from 4ooo to 
32,000 plants per acre. The w� card was of constant size . .. T here 
i s  a consistent decrease in ear size and length with increased - stands;  
Figure 5. Comparison of dro,bt effect• 011 two corn hybrid•: 
Left, SD400 16 M plants/A. ;  Right, SD250 8 M plants/A. 
Figure 6 .  Severe wilting alsociated with drought o f  SD250, 
24 M plants/ A. 
29 
Figure 7. Stalk size and droisht effects as demonstrated 
by SD400 32 M plants/A. (background) , S0400 8 M plants/A 
(foreground) . 
JO 
�"""' 
Figure 8. C011Parison of drouglit effects at two stand-densities 
of G26; Left 32 M plants/A. , Right 12 M plants/A. 
HYB R I D  3 
RATE 
4,000 
Figure 9. Ear DeTelo}-Cl8Ut BJ'OOldngs Test 1957 
HYB R I D  3 
RATE 4; 
a.ooo 
� 
Figure 10. Ear Development th-ookinga Test 1957 
3 l  
HYB R I D  3 
RAT E 
12.000 
Figure 11. Ear Development Brookings Test 1957 
HYB R I D  3 
RAT� 
16.000 
Figare 12. Ear Developmerl�irookings Test 1957 
32 
HYB R I D  3 
RATE 
24.000 
Figure 1.3. Ear Dnelopment Brookings Test 1957 ,_ 
HYB R I D  � 
RATE . 
3 2,000 
Figure U. Ear Development �a Test 1957 ... 
) 3  
in addition, there is  a very noticeable decrease in uniformity of ears 
as the population level was raised. In 1956, however, the intermediate 
planting rates had the maximum uniformity, because at the low planting 
rates, numerous secondary ears were set, which were smaller than the 
primary ears. 
It is obvious that extremely small ears, or extremely variable ears 
would result in difficulties in mechanical harvesting, while stands at 
which uniform ear size prevailed would be very desi rable. Fortunately, 
as already shown, these were the stands at which maximum yields of 
grain were obtained. 
Hi ghmore 
The Highmore results and their statistical analyses are pre­
sented in Tables llII-XVIII. The 1957 season was very favorable for 
corn, e.nd very high yields were obtained. The 1958 season was much 
less favorable. In addition, a major error in thinning in 1958 resulted 
in the random super-imp"osi tion of a thinning pattern on the seeded plots. 
The experiment fortunately still had every treatment combination cc­
curing at least once, and so, could be analyzed as a sampling study, 
with unequal subclass numbers. 
In 1 957, signif'icant differences for hybrids and rates are 
indicated for grain, total forage and stover, while the rates x eybrids 
interaction is significant for stover and total forage. The 1958_ ana­
lysis shows significance for eybrids and rates x hybrids for grain, 
while all other comparisons appear due to random variability • 
..J:-:_ 
Table xrv shows tha. t in both years the total dry matter P!o-
TABLE XIV'. AVERAG:S: YIELDS OF TOTAL FORAGE AND STOVER, COR.� 
RA1rE OF PLANTING STUDY, HIGHMORE, 1957 and 1958 
Yield in Pounds of Dry Matter Per Acre 
Forage Stover 
Hybrid Stand 1957 1958 Average 1957 1958 Avera,:::e 
1 2 4 ,996 3,369 4 , 183 2,454 1 , 383 1 ,919 
1 3 4,692 5 ,005 4 ,849 1 ,260 2,668 1 ,964 
1 4 6, 143 4,594 5 , 369 2,319 2,684 2,502 
l 6 7 , 149 5 ,330 6 , 24o 3,322 3,774 3,548 
2 l 
2 2 6,613 4,903 5 ,758 3,190 2,793 2,992 
2 3 6,190 5 ,590 5 , 89() 2,181 3,412 2,797 
2 4 7 ,083 5,236 -6, 1 6o 1 ,695 3 ,352 2 ,524 
2 6 7 ,678 5 ,418 6 ,548 2 ,360 3,248 2,804 
3 1 
3 2 7 ,544 5,565 6 ,555 2,717 3,647 3,182 
3 3 7,857 4 ,908 6 , 383 2,166 3,078 2,622 
3 4 8,713 5 ,426 7 ,070 2,664 4 ,337 3,501 
3 6 9 ,.389 5 ,327 I , 358 4,102 3 ,423 3,763 
4 1 
4 2 7 , 575 5 ,556 6 ,566 3 ,466 4 ,082 3,774 
3 8,365 4,269 
.. 
6 , 317  3,877 2 , 286 3 ,082 
4 4 9,4o5 5, ;o4 .;J ,355 4 ,544 3, 479 4,012 
4 6 8,020 4,739 6 , ,80  2,551 3,828 3 , 190 
Hybrid 
1 
1 
l 
1 
1 
2 
2 
2 
2 
2 
; 
; 
/ 
; 
; 
4 
4 
4 
4 
4 
TABLE XII I .  AVERAGE GRAIN YIELDS, CORN RATE OF 
PLANTING STUDY , HIGHMORE, 1957 AND 1958 
Yield in Pounds of Dry Matter Per Acre 
Stand 1957 1958 
1 2,686 2,245 
2 2,542 1 ,986 
3 ; , 419 2,;;7 
4 ; ,855 1 ,910 
6 ;,858 1,556 
1 3,532 2,857 
2 3,422 2 , 110 
3 4",.908 2,178 
4 5 ,  ;;,87 1 ,884 
6 5 ,;15 2, 170 
1 4,5;2 2,88c 
2 4 ,829 1 ,918 
; 5,691 1 ,s;o 
4 6 ,049 1 ,089 
6 5,284 1 ,904 
1 4,428 2,721 
2 4,.io9 1 ,1q4 
; 4,510 1 , 983 
·� 
4 4,858 1 , 825 
6 4,410 911 
Average 
2,461 
: c:: .,, ./ 
2 ,264 
2,878 
2,883 
2,707 
3 , 195 
2,766 
3,093 
;,636 
3,743 
3,709 
3,734 
3,761 
3,569 
3,594 
3,575 
2,792 
;, 247 
3, 342 
2,661 
TABLE XIV. AVERAGE YIELDS OF TOTAL FGRAG3: !!ID STOVER, CORN 
RATE OF PLANTING STUDY , HIGHMO?:::, 1957 and 1958 
Yield in PoW1ds of Dry Matter Per Acre 
Forage Stover 
Hybrid Stand 1957 1958 Avera6c 1957 1958 Average 
1 2 4, 996 3,;69 4,18; 2,454 1 ,;83 1,919 
l 3 4,692 5 ,005 4 ,849 1 ,260 2,668 1,964 
l 4 6,143 4,594 5 ,369 2,319 2,684 2,502 
1 6 7 , 1 49 5 ,330 6,240 3,322 3,774 3,548 
2 1 
2 2 6,613 4,903 5 ,758 3,190 2,793 2,992 
2 ; 6,190 5,590 5 ,89() 2,181 3 ,412 2,797 
2 4 7 ,083 5 ,236 6,160 1,695 3,352 2 ,524 
2 6 7 ,678 5 , 418 6,546 2, ,60 3,248 2,804 
; 1 
3 2 7 ,544 5 ,565 6,555 2,717 ;,647 3,182 
3 3 7 ,857 4,908 6 , '83 2,166 3,078 2,622 
3 4 8,713 5 ,426 7 ,070 2,664 4, 337 3,501 
3 6 9, 389 5 , 327 , , ,58 4,102 ;, 423 3,763 
4 1 
4 2 7 ,575 5 ,556 6,566 ;,466 4,082 3,774 
3 8,365 4,269 6 , 317 3,877 2,286 ;,082 
4 4 9,4o5 5 ,:,04 1.355 4,544 3 ,479 4,012 
4 6 8,020 4,739 6 , 380 2,551 3,828 3,190 
TABLE ';,.�✓• �A!'iS �F' l-�IN EPFECTS, CORN RATE OF 
PLANTING STUDY , HI�Bl-!ORE, 1957 
Yield in Pounds of Dry Matter Per Acre 
Rate Forage Stover Grain 
2 6,682 2, 955 3,726 
3 6,773 2 , 369 4,406 
4 7 , 8,5 2,8o8 5,o;o 
6 8,058 3,087 4,971 
Hybrid 
1 4,594• 1, 871* 3,259 
2 5,513 1,887 4,33 4  
3 6,700 2, 329 5,278 
4 6,672 2,890 4,688 
*Note: grain plus stover will not equal total forage because low rate 1,  
is not incl uded in forage and stover. 
TABLE "J:-/I . MEANS OF MAIN EFFECTS, CORN RATE OF 
PLANTING sruny, HIGHMORE, 1958 
Yield i n  Pounds o� Dry Matter Per Acre 
Rate Forage Stover Grain 
2 4,84; 2,973 1 , 873 
3 4, 942 2,860 2,082 
4 5, 14o 5,2;4 1,907 
6 5,208 3,570 1, 635 
Hybrid 
1 4,574• 2,628• 2,006 
2 5,287 5,202 2,241 
3 5,";IJ7 _;,398 2,105 
4 4,968 ;,409 1,788 .. 
*Note: grain plus stover will n�i equal total forage because low 
rate 1, is not included in forage and stover. 
.,..� 
'!'A:;LE X'!I I .. A.Z,fAL 'fSI S OF V ARIA::CE,  CO�N RAT£ OF 
?! .. A}�'!'I!IG S7'.JD�, �G;-:,!O?.E, 1957 
Source DF 
eybrids 5 
P.ates ; 
Rates x Hybrid 9 
Replication 2 
Error 30 
Total 47 
**Significnr.t at 1% le·,el 
* Significant at 5% level 
Forage 
MS 
157 .)6** 
1815.68** 
22.97** 
5.08 
2.67 
. 
. . ., 
Stover DF 
MS 
35.10•• ; 
268.2;•• 4 
24.17•• 12 
6.9() 2 
;.;1 ;8 
59 
TABLE XVI II. ANALYSIS OF VARIANCE, COP.N RATE OF 
PLANTING SfUDY , HIG!-iMO�, 1958 
Source DF Forage 
!t{brids ; 5.8944 
Rates 3 1 . 4269 
Rates x Hybrids 0 ,, 4.6528 
Error 14 6.3193 
Total 29 
**Significant 1% le •,el 
* Significant 5% level 
... 
•J::. 
Stover 
MS 
6. 74o9 
4.9671 
5.4921 
c::; 300, 
/ •  ., -
DF 
4 
; 
1 2  
19  
38 
Grain 
MS 
109.84•• 
46.28•• 
4.18 
2 .;5 
;.96 
Grain 
MS 
2.26;7** 
7 .6798 
5.83.?4• 
1 .8987 
39 
ductic� per hybrid rose to a maximum and stayed there. In the favorable 
1957 i: eason this marim:um "Was around four an one-half tons per acre and 
was reached only by eybrids ; and 4 at high rates. In 1958 this maxi­
mum 'Was slightly over two and one-half tons per acre, reached by all 
eybrids,  incl uding the small A.E .s .101, at the lowest rate of planting. 
Table XIII shows a grain production relationship which might be 
expected from the total forage pattern. In 1957, maximum grain yields 
were obtained at stand s  somewhat in excess of those recommended by Hume 
et al . (4) f'or this area, and Vith eybrids 2 and ;. Only with the late 
hybrid SD4oO , can a. def'i.nite drop in yield associated with high planting 
rate be demonstrated, and even this may be due to genotype rather than 
population. The extremely early i.E.S.101 obviously did not achieve 
the grain yield potential of the 1957 season. 
The 1958 grain yields a.re at a maximum at the 4,000 pl ant rate 
regardless o!' eybri-d , and drop steadily as population level advances. 
This is entirely similar to the 1958 grain yields_ at Brookings ,  except 
that the drop is not quite as precipitous. _The perf'ormance of SD250 
and SD220 at the lowest rate stands out. 
Averaged for the two years, grain yields show that SD250 at 8,000 
plants per acre reached the maximum yield potential . 
Wa ti!>rlo\olil 
Tables XIX-XXIV show the results obtained at Watertown , plus 
their statistical appraisal. The 1957 experiment was affected by in­
jury from an application of 2 , 4-D to control weeds .  As a result, stalks • 
were somewhat spindly, and brace root development was poor. Even so, 
Hybrid 
l 
l 
l 
l 
l 
2 
2 
2 
2 
2 
; 
; 
; 
; 
; 
4 
4 
4 
4 
4 
TABLE XIX. AVERAGE G3.AIN YIELDS , CORN RATE OF 
PLANTD'G STUDY , WATERTOWN , 1957 AND 1958 
Yield in Pounds of Dry Matter Per Acre 
Stand 1957 1958 
l 2 ,047 2,071 
2 1 , 700 2,045 
; 2,155 2,447 
4 2,604 2,515 
6 2 ,469 1 ,768 
l 2,669 2,611 
2 2 ,325 2,368 
; 3,6�9 I 2,478 
4 ; , 187 2,518 
6 3,010 1 ,966 
1 2,918 2,797 
2 2 ,669 2,195 
; 2,9;5 1 ,878 
4 2 ,984 1,898 
6 2,767 1 ,547 
l 2 ,430 2,863 
2 2,974 2,127 
3 ;,278 1 ,791 
4 3 , 144 ., 1 ,423 
6 3 ,498 1 , 081 
. ,-: 
Mean 
2,059 
1 ,872 
2,,:,1 
2,560 
2 , 119 
2,64o 
2,347 
;,054 
2,853 
2,488 
2,858 
2,432 
2 ,4o2 
2,441 
2 ,157 
2,647 
2,551 
2,535 
2 ,284 
2 ,290 
Lrl 
TABLE XX. AVC:RAGZ YIELD OF TOTAL FOnAGE Al:D S':'CVER COP.N ?.ATE 
CF' PL.A::TING srUDY, �'iATEP.TC\'ltl , 1957 AMD 195e 
�ield in Pounds of Dry Matter Per Acre 
Forage Stover 
Hybrid Ste.nd l957 1958 Mean l957 1958 Mean 
1 2 2 , 1110 5,65e 3 ,034 701 1 ,613 1 , 157 
l 3 3,688 3,6e1 3 ,685 1 , 208 1 ,2,4 1 ,221 
1 4 4,195 4,566 4 , ;81 1 , 264 2,051 1 ,658 
1 6 4,379 4,699 4 ,539 1 ,909 2 , 931 2 ,420 
,.. 
,:: 2 ;,491 4,427 3,959 1 , 166 2,059 1 ,613 
2 3 5,037 4,914 4,976 1 ,395 2 , 436 1 ,916 
2 4 4,490 5 ,146 4,818 1 ,523 2 ,628 2,076 
2 6 4,595 4,690 4,64; 1 ,585 2 , 724 2 , 155 
3 2 3,750 4,767 t.1 ,259 1 ,068 2 ,572 1 ,820 
3 3 4,251 4,908 4,580 1 ,326 ;,o;o 2 ,178 
3 4 5 , 154 5 , .?55 4,255 1 ,320 3 , 457 2 , ;89 
3 6 4,811 5,050 4 ,931 2,04o 3,476 2 ,758 
4 2 4,251 5 ,072 4,662 1 ,821 2 ,945 2, '83 
4 3 5,286 5 ,005 5 ,146 2;011 3 , 214 2 ,613 
4 4 5 ,4o7 5,106 5 ,257 2,263 3 ,683 2 ,973 
4 6 4,7� 5,061 4,899 1 , 2� 3,980 2 ,609 
... 
Rate 
1 
2 
3 
4 
6 
Jiybrid 
1 
2 
3 
4 
TABLE XXI . MEA.�S OF MAIN EFF�TS, :orur P..ATE OF 
PLANTING srUDY ,  WATERI'OW!!, 1957 
Yield in Pounds of Dry Matter Per Acre 
Forage Stover 
3,475 1 ,055 
4,565 1 ,569 
4 ,395 1 ,700 
4,631 1 ,693 
2,982* 1 ,150* 
4,127 1 , 343 
3,449 1 ,212 
3,937 1 , 359 
Grain 
,:;, , "1",:;,U 
2,997 
2,98o 
2,938 
2,194 
2,964 
2,856 
3,282 
*Note: grain plus stover will not equal total forage because low rate 
l ,  is not included in forage and stover . 
TABLE XXII . ME.ANS OF MAIN EFFECTS, CORN RATE OF 
PLANTING STUDY , WATERTOWN, 1958 
Yiel ds in Pou."'lds of  Dry Metter ·Per Acre 
Rate Forage Stover Grain 
l 
2 4,481 2,294 � , 107 
3 4,625 2,478 2,150 
5,044 2,956 2 ,088 
4,874 3,259 1 ,593 
l-lvbrids 
1 3,318* .... 1 ,545* 2,173 
2 3,836 1 ,969 2,;88 
3 4,017 2,509 2,065 
4 4 ,048 2,764 1 ,859 
, 
•Note : grain plus stover will not equal total forage because lo·,.; rate 
l, is not included in forage and stover. 
TABLE XXIII. ANALY�IS OF VARIANCE, CORN RATE OF 
PLANTING STUDY, WATERTOWN 1957. 
Source DF 
eybrids ') 
Rates .3 
Rates x eybrid 9 
Replication 2 
Error .30 
Total 47 
**Significant at 1% level 
*Significant at 5% level 
Forage Stover DF 
MS 
39 -90*  1 - �  3 
352.09• 55.,0•• 4 
21.68 5 .20 12 
.67 .87 2 
10 • .36 ? 097 38 
59 
. .., 
TABLE XXIV. ANALYSIS O F  VARIANCE, CORN RATE O F  
PLANTING STUDY , WATZRI'OW:, , 1958. 
Source DF 
J-tybrids 3 
Rates ; 
Rates x 1::tYbrid 9 
Replication 2 
Error ,:> 
Total 47 
**Significant at 1% level 
*Si2:?1ificant at 5% level 
Forage 
21 . 22•• 
91.3.91 •• 
4.6o• 
9 .80•* 
1 .85 
·� 
. ,,. 
.. 
Stover DF 
MS 
8 j.99•• .3 
56.04•• 4 
82.96•• 1 2  
1.21 2 
1.44 .38 
59 
Grain 
MS 
29. 1 ;;"'* 
6.48• 
l . 98 
12 .58° 
2. ;1 
Grain 
MS 
7 - 1 7** 
1 8 .  77** 
4.85•• 
l ;.05•• 
1.06 
the results appeared usable. The 1958 experiment sampled nearly ideal 
corn growing conditions for this area; with only oc ,::assional moisture 
shortages in late summer. 
Analysis of the 1957 results indicated statistical significance 
for differences due to rates of planting for grain, total forage and 
stover, and significance due to eybrid for grain and total forage. 
In 1958 the differences due to hybrid, rate and rate x l:wbrid were 
significant for total product, grain e.nd stover. Once again, the signi­
ficance of the 1957 and 1958 results does not indicate parallelism; 
actually the results indicate that the 1958 crop, despite rainfall, 
was grown with limiting factors operating wr�le the 1957 crop appeared 
to sample a different set of conditions • 
Table XX shows that in both seasons growing conditions were 
adequate for the production of approximately 5,000 pounds of dry matter 
per acre. The very early hybrid A.E .S.101 did not reach this level in 
either year, even at 24 , 000 plants per acre. The other three entries 
all reached it, at least by 1 2, 000 plants  per acre. 
Examination of Table XIX shows that in 1957 oaximum grain yields 
were obtained at rates of 12, 000 plants or more. The hi ghest yield was 
that of SD220 at 12,000 plants per acre. In 1 958, the lowest rate of 
planting gave maximum yields with all but the earliest hybrid. A.E.S.101 
definitely showed a different stand response as compared to the later 
l'zy'brids; requiring a much higher populie,tion to reach its maximum grain 
production than the ot�er hybrids. It failed, however to reach the 
levels  of grain or forage yield rea<;l}� by hybrids like SD220. 
For the two year period, $D220 at 12 ,000 plants per acre reached 
the maxi�..un level for grain production. Since the two seasons studied 
were probably slightly above average for com production, this would 
probably be the limit rate-hybrid combination over a longer testing 
period. 
Yankton 
Results under irri gated, high fertility conditions on the 
Mi ssouri River lowlands at Yankton are presented in Tables XXV-XXX. 
Here different fertil ity levels were used in lieu of replications, with 
the triple interaction servinr as an error term. As might be expected 
with irrigation, the two years' results are remarkably similar, and the 
two year average is probably an cx�ellent measure of perf'ormance • ., 
Statistical tre&tment of the Yankton data is summarized in Tables 
XXIX and XXX. In both years differences due to hybrids and due to rates 
were highly significant for total yield of forage, stover and grain. 
Significant fertility level differences could only be established for 
grain production, while the hybrids x rates interaction was significant 
for grain and total forage only in one year, 1957 . 
In each year maximum total dry matter production exceeded eight 
tons per acre. This l evel was reached by the very late three-way cross , 
DeKalb ;xl in both years, at the 2�1000 plant rate. The other entries 
produced less dry m atter per acre, in direct relation to the maturity 
level of the hybrid. Total m.a.ximum production in these experiments 
was achieved at the 24,000 plant rate, with a definite drop in yield 
a t  the 32,000 plant rate. 
•I�-
TA.9LE XXv. AV:::RAGE TIEi..!> OF G!i.AIN IN CORN RATE OF PLANT:NG 
STUDY, YJJ{i(1'0N 1957 AND 1958. 
Yield in Pounds of Dry Matter Per Acre 
ft'brid Stand 1957 1958 Mean 
' 3 5 ,047 5 , 324 5 , 186 
3 4 5 , 767 6 ,,09 6,0}S 
3 5 4, 7&J 5 ,962 5 , ;71 
; 6 6 ,282 6,598 6,44o 
; 8 5 ,900 5 ,796 5 ,848 
4 ; 5 , 758 4,828 5 , 29; 
4 4 5 ,685 6,104 5 ,895 
4 5 5 ,  73fJ 6 ,432 6,085 
4 ,, 0 6,574 7 , 161 6,868 
4 8 5 ,806 6,768 6,287 
6 3 6,795 5 ,512 6,154 
6 4 7 , 180 6,747 6,964 
6 5 7 ,  ,:;a .7 ,144 7 ,222 
6 6 7,705 7 ,960 7,833 
6 8 6,908 7 ,962 7 ,4;5 
7 ; 6,516  6,027 6,272 
7 4 7,024 6,9;7 6 ,981 
7 5 7 , 380  6,569 6,975 
7 6 7 ,161 7 ,  ,05 7 ,233 
7 8 6,465 7 ,000 6,733 
.,:_ 
), ,_­""'v 
TABLE YY:.S • ( Co!'"lt.i :,ued ) 
Hybrid S'�and 1217. 
8 3 6,768 
8 4 7,077 
8 5 6 ,771 
8 6 7 , 142 
8 8 6,395 
. . � 
• -t 
1958 
6,,09 
7,264 
6 ,687 
7,784 
6,463 
, _  
'-r I 
� 
6,539 
7 , 171 
6,679 
7,463 
6,429 
ltf; 
'I ABLE XXVI . AVERAGE YIELDS OF TOTAL FORAGE AND STOVER 
IN CORN RATE OF PLANTING STUDY YANKTON 1957 AND 1958 
Yield in Pounds of Dry Matter Per Acre 
Forage Stover 
Hybrid Stand 1957 1958 Mean 1957 1958 Mean 
3 3 7,946 9 ,351 8 ,649 3,083 4,027 3,555 
; 4 9,03; 9,705 9 ,;69 3,189 3 ,396 3,293 
; 5 7,346 9 ,902 8 ,624 2,884 3 ,94o 3,412 
3 6 11,388 11 ,700 1 1 , 544 5 ,223 5 , 102 5 , 163 
3 8 11 ,664 10,863 1 1 , 264 6,155 5 ,067 5 ,611 
4 3 11 ,426 8,282 9,854 5 , 755 3,454 4,605 
4 4 11 ,089 11 ,005 11 ,047 5 ,411 4,901 5 , 156 
4 5 11 ,546 10, 791 11 , 169 5 ,495 4 ,359 4 ,927 
4 6 12,456 11,862 12 ,159 5 ,955 4,701 5 ,328 
4 e 11 ,246 1 1 ,491 1 1 ,369 5 ,786 4,723 5 , 255 
6 3 12,714 10 ,232 11 ,473 5 ,837 4,720 5 ,279 
6 4 13 ,041 12,454 12;_?48 5 ,731 5 ,707 5 , 719 
6 5 12,757 l 3,133 12',"'945 5 ,717 5 ,989 5 ,853 ,, 6 14,442 15 ,682 15 ,062 6,735 7 ,722 7 , 229 0 
6 8 14, 74o 13,525 14,133 7 ,;89 5 ,563 6,476 
7 3 11,989 11 ,467 11 ,728 5 ,447 5 , 44o 5 ,444 
7 4 13,997 14,403 14,200 7 ,04o 7,466 7,253 
7 5 13,472 12,675 13,074 5 ,974 6,106 6,o4o 
7 6 14,957 13,869 14,413 7 ,416 6,564 6,990 
7 8 14,023 13,051 13,537 7 ,527 6 ,051 6,789 
8 5 14, �4o 12 ,435 13 ,338 7 ,791 6 , 126 6 ,959 
8 4 11 ,375 15,571 13,473 4,366 8,307 6,337 
8 5 13,142 13,470 13 ,306 6 ,371 6 , 78; 6,577 
8 6 17,533 16,469 17,001 10,523 8 ,675 9,599 
8 8 14,704 14,904 14,804 8,538 8 ,441 8,490 
.... 
Grain production under these conditions showed a slightly dif­
ferent pattern; although the ma.ximwn yield potential appears in excess 
of 8, 000 pounds or 16o bushels p e r  acre. These levels were reached 
by an intermediate genotype, G75A, at the 24,000 and 32, 000 plant level. 
Later maturing hybrids, like DeKalb 627 and the three-way hybrid, did 
not achieve this yield level even at the optimum rate. The efficiency 
of these very late hybrids appeared to be somewhat less than optimum 
under the Yankton conditions. The delayed occurrence of frost in both 
years should have permitted even these very late genotYPes to deliver 
their potential yields. The fact that a eybrid of more limited maturity 
had the outstanding yield of grain indicates that even under the extreme­
ly favorable Yankton conditions, one or more essential growth factors 
are limiting. 
Obviously, hybrids of the maturity of SD250 or SD400 are not 
adapted to full see.son competition with later hybrids in this area, 
since their yield of total product and grain is definitely inadequate 
to make :f'ull use of the available growing conditions. Even so, however, 
rate 6 of SD400 approaches to within ten per cent of maximum yield 
levels. 
The effect o-f' fertility level on grain yield rather than primarily 
on forage production, is seen in �ables XXVII and XXVIII. Top dressing 
with nitrogen to meet the needs of the plant during the period of grain 
• 
formation was apparently the most �esirable practice. 
A general summary of the relation of yield to rate of planting 
on the hybrids used seems inepprt�iate, since each area must be 
considered es an entity. Conditions also varied to the point where 
TABLE XXVII. MEANS OF MAIN EFF�TS CORN RAT E CF PLANTING 
SI'UDY, YANKTON 1957 . 
Yields in Pounds of Dry Matter Per Acre 
Rate 
; 
4 
5 
6 
8 
Hybrid 
3 
4 
6 
7 
8 
Fertility Levels 
60-4o-O 
140-4o-O 
180-120-0 
100-80-0 
Forage 
11 ,664 
1 1 , 708 
12,528 
14,1;9 
13,275 
9 ,476 
11 ,554 
13,52; 
1 ;,686 
15,075 
12,856 
12,697 
12,435 
• 
*Forage was not taken at this 
Stover 
5,582 
5,149 
5,681 
7 , 170 
7,079 
4 , 106 
. .  5,681 
• -< 
6 ,282 
6 ,682 
7 ,909 
6 ,253 . 
5 ,895 
6 ,249 
• 
level : 
... 
Grain 
6 ,179 
6,547 
6 ,7;2 
6 ,97; 
6,294 
5 ,555 
5,912 
7 , 178 
6,908 
7,170 
6,6o5 
6 ,805 
6,186 
6,583 
51 
the data from individual stations would not represent an adequate sample 
of possible conditions. Only t"WO hybrids 3 and 4 and three rates 3,4 
and 6 �ere common to all experiments. 
TABLE XXVIII . MEJu'lS OF !-'f_\IN EFFECTS CO?.N RATE OF 
PLANTING STUDY, YANKTON 1958 
Rate Forage Stover Grain 
3 10, 391 4,76; 5 ,601 
4 12, 7,0 6,157 6,646 
5 1 1 ,994 5 ,486 6,557 
6 1:,,537 6,196 7 , '5'59 
8 12,858 6,181 6,797 
Hybrids • -I 
3 10 , 422 4,571 5 ,969 
4 10,685 4,426 6 ,258 
6 13,000 6,155 7,040 
7 13,092 6 ,514 6 ,768 
8 14,269 7 ,3()8 6,901 
Fertility levels 
60-40-0 12 ,278 6 , 677 5 ,755 
120-40-o 12 ,991 6 ,147 6,843 
0-40-0 11 ,980 4 ,742 7, 231 
240-40-o 11,924 
,4 
5 , 454 6 ,521 
Source 
TABLE XXIX. ANALYSIS OF ·;ARI.ANOE CORN RATE OF PLANTING 
STUDY, YANKTON 1957 
Forage Stover 
DF MS MS DF 
Grain 
MS 
Hybrids 4 1 ,229.96•• 504.12•• 4 198.64•• 
Rates 4 290-19!* 22;.27•• 4 ;6.07•• 
Fertility Levels 2 19.71 . 18.;o ; 28.97•• 
eybrids x Rates 16 94.56•• 56.68 16 15.59•• 
Error 48 29.6; . 57.85 72 ;.46 
Total 74 99 
TABLE XXX. ANALYSIS OF VARIA.�CE,  CORN RATE OF PLANTING 
STUDY , YA..�TON 1958 
Source DF 
Hybrids 4 
Rates 4 
Fertility Levels ; 
eybrids x Rates 16 
Error 72_ 
Total 99 
** Significant at 1% level 
• Significant at 5% level 
ForAge 
MS' 
96o.72•• 
509.47!! 
10;.69 . .  
4o .;9 
6o.9; 
Stover Grain 
MS MS 
521.67** 71 .26** 
138.95• 157 .oa,• 
;o5.64, 169.27•• 
41.01 . 10.81 
62.99 1; .a; 
l-f.a. turi ty 
Percentage moisture in the ear samples at harvest time is gener­
ally considered a satisfactory measure of the maturity level of any 
particular corn genotype as such, or as a response to treatment. Tables 
XXXI-XXXlV show the average moisture percentage in the grain at time of 
harvest by stations, years,  and hybrids at different planting rates. 
In general , all tests showed that the maturity differences for 
which the hybrids were described were strongly supported by the moisture 
percentage data. Two cases of surprisingly close maturity l evels were 
those between SD4oO and G26 at Brookings in both 1957 and 1958, end 
G75A and DeKal b 627 at Yankton• These unusuall y  similar moisture level s  
were not anticipated on the basis oe hybrid corn maturity ratings (10) • ., 
In general, planting rate did not appear to affect maturity as 
measured by harvest-time ear moistures. This was true in tests in both 
years at Highmore and Yankton, where moisture percentage differences for 
different rates appeared entirely randomly distributed. 
A+:. WatertoW!'l , however, so!!le tendency for· delayed maturity e..t 
high planting  rates was noted in both 1957 and 1958, especially in  the 
later maturing hybrids, SD250 and SD4oo • This tendency was manifested 
at Brookings in 1957, when l ate rains were probably especially benefi cial 
to corn with delayed maturity. 
The 1956 data at Brookings show two interesting aspects. One i s  
the apparently complete oaturity of 5�220 at the lowest planting rate, 
where it appears in a class by i tself. The other is the surprisin;ly 
low ttoisture conten t of SD�50 and �l;oo, the � .. ,o later hybrids , a t  very 
h.i gh plant.in.; rates. This mey have been due to the relati ·1ely narrow 
cobs on the small ears so universal under crowded conditions. 
The l ow moisture percentages at high rates at Brookings in  1958 
are due to en entirely different cause. The severity of drought condi­
tions had resulted in such extensive damage to these plots that recovery 
was out of the question; i n  fact, mucr. of the corn in question appeared 
prematurely killed. Under continuing drought, these killed ple.r.ts would 
be drying out steadily to an equilibrium with the environment • 
. . 
..... 
TA3LE XX.XI . AVERAGE MOISTURE PERCENTAGE OF GRAIN AT HA.1tVES? 
!N CORN RATE OF PLANTING sruoY, BROOKINGS, 1956-1958. 
Average Moisture in Per Cent 
Hybrid F.a.te 1956 1957 1958 Mean 
2 Av 23.9 21 .3  24.2 2;.1 
3 Av 26.2 36.0 }4 7 . ,.· 32.2 
4 Av 29.2 59.9 lj 2. 3 37 . l 
5 Av 37.6 36.6 38.1 
2 1 20.6 20.6 25 .8 22.) 
2 2 2;.2 20.2 29.2 24.2 
2 3 23.2 19.4 19 . 4  20.7 
2 4 25.8 19.6 24.8 23.4 
2 6 26 .1 25.3 23.5 25.0 
12  8 24.4 22.8 22.5 23.2 
3 l 27. 3  ;0 .8 58.7 32.3 
3 2 26.7 35.1 33.1 31.6 
3 3 26.6 3_4.o 35.8 32.1 
3 4 26.7 -;4. 7 34.9 ;2 .1 
3 6 24.7 4o.4 27 .6 ;0.9 
3 8 25. 3  41 .1  ,5.4 ;3.9 
4 1 30 . 2  33.5 �-9 33.5 
4 2 29.8 35.1 4;.1 36.0 
4 3 30.8 ;8.4 39.1 36. 1  
4 4 29.3 41 .8 4; .4 38.2 
4 6 27.1 44.2 45.6 4o.9 
4 8 28.0 46.o 45.6 39.9 
5 l 32.3 �-0 34.2 
5 2 36.7 4o.l 38.4 
5 3 37 .4 4o.8 39.1 
5 4 �-5 35.9 36.2 
5 6 39.2 38.7 39.0 
5 8 43.2 39.8 41 .5 
. . -
TA.SLE XXXII . AVERAGE MOISTURE PE?.CENTAGE OF GRAIN AT HARVEST IN 
CORN RATE OF PLANTING STUDY, HIGHMORE, 1957-1958. 
Average Moisture in Percent 
C: , ,.,,o 
Hybrid Rate 1957 1958 Mean 
1 Av 
2 Av 
; Av 
4 Av 
1 1 
1 2 
1 :; 
l 4 
1 6 
2 1 
2 2 
2 ; 
2 4 
2 6 
; 1 
; 2 
; ; 
; 4 
; 6 
4 1 
4 2 
4 ; 
4 4 
4 6 
16.8 
22.5 
;2.4 
;;.6 
16.5 
17 .o 
16.1 
16.8 
17.5 
20.8 
25.7 
21 .0 
2,�1 
21-t.7 
;;.5 
;1.; 
;1 .7  
;2.4 
;;.o 
;4.8 
;2.5 
;2.1 
36 .2 
;2.; 
. ,. 
. ,-., • 4' 
10.6 1;.7 
21.7 22.1 
;1.; :;1 .9 
;7 .1 ;5.4  
17 .4 17.0 
15.4 16.2 
7 . 1  11.6 
10.1 1;.5 
6.9 12.2 
29.9 25.4 
2;.6 24.7 
18.2 19.6 
18.5 20.8 
15.8 18.8 
;,. 1  ;;.; 
29.6 ;o.5 
;2.0 ;1.9 
;a.9 ;5.7 
28.2 ;o.6 
,r.6 ;6.2 
,r .9 ;5.2 
,4.6 ,;.4 
4o.o 38.1 
,1.0 �-7 
57 
TABLE XXXIII.  AVERAGE MOISTURE PERCEl'!TAGE OF GRAIN AT B..ARVEST IN CORN 
RATE OF PLANTING STUDY, WATERTO\·/N, 1957-1958. 
Hybrid Rate 1957 
Avera�e Moisture in Per Cent 
1958 Mean 
l Av 17.7 1 1 .7 14.7 
2 Av ;6.8 19.1 2e.o 
, Av 44.8 28.5 36.7 
Av 43.9 ;5.7 39.8 
1 l 18.7 12.3 15.5 
l 2 17.8 12.3 15.1 
l ; 16.8 10.9 13.9 
1 4 15.8 13.6 14.7 
1 6 19.5 9.4 14.5 
2 l 36.1 16.6 26.4 
2 2 34.2 17.6 25.9 
2 3 38.6 20.2 29.4 
2 4 37 .5. 21 .7 29.6 
2 6 57 .6 19.6 28.6 
3 l 41 . ,  25.8 33.6 
3 2 45.9  27 . 1  36.5 
3 3 44.6 ;1.6 ;a.1  
; 4 45 .6 30.2  ,7.9 
3 6 46 .5  27.7 37.1 
4 1 41 . 5  24.8 ;;.2 
4 2 58 .8 33.8 56.;, 
4 3 45.2  ";)8.7 42.0 
4 4 47.2  4o.5 4.3.9 
4 6 46.7 4o. 7 43.7 
-
TABLE X:O:IV. AVERAGE MOISTURE PERCENTAGE OF GRAIN AT HARVEST 
IN CORN RATE OF PLANTING Sl'UDY, YANKTON, 1957-1958. 
Average Moisture i n  Per Cent 
Hybrid Rate 1957 1958 Mean 
5 Av 18.7  2;.7 21.2 
4 Av 20 .2  23. 1  ·21 .7 
6 Av 29.4 ,1 .6 ,0.5 
7 Av 27 .1 31 .6 29.4 
8 Av 32.2 33.6 ;2.9 
3 ; 19 . 1  21 .4 20.; 
; 4 19.0 25.1  22.1 
; 5 16.2 21 . ;  18.8 
3 6 19.5 2;.7 21 .6 
; 8 19.8 27 . 1  23.5 
4 :z; ,I 20.2 21 .8 21.0 
4 4 21.l 23.9 22.5 
4 5 20.0 25.5 22.8 
4 6 20.1 .. 24.o 22.1 
4 8 19.8 20.; 20. 1  
6 ; ;0.2 32.8 ;1 .5 
6 4 29.9 ;3.4 31 .7  
6 5 28.4 ;1 .6 ,o.o 
6 6 29.8 ;0.6 ,0.2 
6 8 28.8 29.9 29.4 
7 ; 27.8 ;2.4 ,0. 1  
7 4 27.4  ,0 . 1  28.8 
7 "" 26.4 ,o.4 28.4 ,I 
7 6 25.7 32.9 29.; 
7 8 28.4 ;2.0 ,0 .2 
8 3 ;0.0 ;3.6 31 .8 
8 4 32.0 33.6 32.8 
8 5 ;6.; 32.1 ;4.2 
8 6 ;1 .2 ;1 .8 ;1 .5 
8 8 31 .5 :,{). 7 ;4 . 1  
• -4 
DISCUSSION 
This study was undertaken t o  test accurately c ertain basic 
premises with regard to corn production i n  South Dakota, and other 
11:f'ringe areasu of the corn belt. These had been raised by the results 
of Hu.me et a l .  (4). These assumptions were: 
(1) That in areas where a major limiting factor exists, 
with regard to corn production, yield i n  terms of 
total dry matter will be limited. 
(2) That total dry matter production woul d approach 
that limit as population increased. Further stand 
increases would not change total dry matter production 
(until extremes were reached. ) 
(;) That yield of grain would reach a maximum as soon as 
the maximum dry matter level was reached. Further pop­
ulation increases would result in decreases in yield. 
( 4) That genotype and plant population were partly inter­
chan2;eable (within the limits of ti�e e..>i. space.)  
(5) That the total stand-plant produc t curve for any corn 
genotype in the state would rise to a maximum and remain 
there, while the stand•grain yield curve would be 
parabolic, reaching a maximum and then dropping. 
( 6) The fraction of the t�t,p-1 plant weight per acre going 
into stover would increase steadily with increasing 
stand until it equa�\ed,, the total plant product produced • . ,. 
These assl..Cllptions were tested in these experiments. They have 
been substantiated by the results to a degree hardly anticipated from 
the l imited sample. 
-:o 
Figures 15-17 show the response of corn (eybrids averaged) in 
terms of yield of total dry matter (forage) and grain in the three years 
of experiments at Brookings. These represented, as already indicated, 
three different levels of moisture stress: 1956 with moisture adequate; 
1957 with moderate, early drought and 1958 with very severe drought. In 
each case the total dry matter production curve rises to a maximum as 
plant populations are increased. Further stand increases do not change 
the level of the curve, which thus appears to be a typical agricultural 
production curve or Spillmen function 1,fhere 
yield= xk + a 
The grain yield curve sampled in the same years shows the characteristics 
of a parabola of the general nature 
yield= ax2 + bx +  c 
as was expected. The favorable 1956 results show the grain yiel d curve 
reaching a maximum and just starting to drop; in 1957 the peak comes at 
a much l ower population level, and then drops off quite she.rply. The 
1958 results show a continuous negative slope from the peak at the very 
low stand l evel of 4,000 plants per acre. Since we have one obvious 
zero point at the origin e.nd another at 32,000 plants , our 1958 grain 
yield parabola appears to reach the opt'3.mum yield level near 4,000 plants 
per acre, and then recedes. 
Thus the three years of expeti�hts at Brookings all point to 
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a similar shape of the grain yield curve under South Dakota dryland 
conditions. The only basic differences between the individual years' 
date lie in the basic level of the curve, and the location of the maxi­
mum point. 
The stover production under these conditions is, o� course, an 
index of the efficiency of the crop as a converter of available moisture 
to grain. It is apparent that the stover per total plant fraction has 
its minimum values at relatively low planting rates in the favorable 
year of 1956, while it approaches unity at hi gh rates and late geno­
types in 1958. When it does, grain yield approaches zero, despite a 
high level of total dry matter production. 
Figure 18 shows general yield stand curves for Yankton for 
1957-1958. Moisture was not supposed to  be a limiting factor at this 
location, since irrigation had been used generously. The curves follow 
the general pattern of the 1 956 yield curves at Brookings--total rises to 
a high level and stays there, while grain production follows the total 
dry matter curve upward. It might be assum�d that the grain yield 
curve wo\.!ld level out, an assUI!lption cocmonly ma.de in corn population 
studies farther east (2, 8). Such is not the case however, and 2 4,000 
plants per acre appears to be the ?:lB.Ximu!n population for grain yield, 
and beyond that, grain yield recedes, as was postulated if some factor 
were limiting. Yet we assume that moisture, soil fertility, tempera­
ture, time a nd even population i�$elf were not limiting. \'fbere then, 
must we seek the answerT One intriguin� possibility is night tempera­
ture, another is inadequate humj;�:ty. These ar�ents are certainly 
appropriate for upland areas like fighmore and Watertown, but �o not 
represent the ver,; favoraole condi tions on the f-tisso:..tri bottonlends .  
Figures 19  throu0h 22 show varietal differences in resj>o!lse to 
population rate under the operation of various limiting factors. 
Figure 19 shows an early and a late genotype at Watertown in 1958 and 
time and temperature acting as limiting factors. The dry matter prod­
uction is essentially parallel and constant for both hybrids once the 
environoental maximum is reached. In grain yield the l ate genotype 
starts out with an initial advantage at low rates, but at the 16,000 
plant level the early hybrid surpasses it and continues its advanta�e 
from then on. 
fJ._;!1 plains conditions at r.ighmore in 1957 sho·.-,ed conditions 
remarkably similar to those at Watertown in 1958. Tr.is can be seen 
in Figure 20, where no real differences in the ultimate dry matter 
production exist between SD220 e.nd SD400 , except that SD220 approaches 
the maximum more slowly. In grain yield however, the initial advantage 
of the late hybrid is overcome by the early hybrid as planting rate was 
increased. Rainfall was plenti:ful and the c_nly possible factor progres s-
ively delayin� the r:.aturity of the l ate hybrid oust spring fro� coo. 
nig�ts i;.nd lo� humidities. 
In Figure 21, the performance of the early 1-v·brid SD22O is com­
pared with th.at of the l ater G26 under moderate drought conditions at 
Brookin6s in 1957 . Again the dry matter l ines reach and stay at the 
se.me me.ximum, while once more the early hybrid passes the later or.e 
at tr.e lc,O00 nlant le·,el. 
The Yankton curves in Fi�lf-e 22 ill ustrate an interestin& point , 
since they were intended to represent experi�ental conditions in 
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the nbse�ce of l imiting factors. The total forage c urves run parallel , 
each to the genotypic maximum permitted b y  the three hybrids respectively. 
The grain yield curves resemble those obtained u.�der l imiting factors 
'! l.eew��r�, i� t�t 9- e;enotype of inter..iediate m.aturity level surpasses the 
l ead of a late genotype at low planting rates on approach to the optiIID.Ul1 
population rate. The too early SD4o0 runs parallel and consistently 
below the optimum genotype tested, G75A. The Yankton data leave un­
resolved the problem of some unknown factor operating to limit the at­
tainment of maximum yields. 
All these comparisons, generally under above average conditions 
which are generally assumed to favor late hybrids, indicate that where 
limitin6 factors operate, the use of genotypes of earlier m.e.t�rity than 
expected appears warranted, even where favorable  conditions are expec t-
ed. The latter will be at strong advantage when conditions are unfavorabl e 
The data show that population may be used at least as a partial 
substitute for 1big corn•. Excess population from an experimental 
standpoint is a very useful and easily managed de vice for creating stress 
conditions as needed, instead of depending on their random occurrence in 
nature. 
The yield curves indicated are similar to those developed by other 
writers, including Lang (7).  
The data also indicate thb.t within maturity groups there are real 
opportunities for breeding l ines with a genetic basis for maximum res­
ponse under High Plains condfti.o�s. The excellent performance of SD220 
and SD250 is inQicative of this. Both these hybrids contain· at least 
one locally developed inbred in t�eir pedigree. The establishz:ient o� � high 
pbine corn breeding center might be a major factor in prod'.l.cing corn 
genotypes superior under the operation of lim.itin� factors; that might 
su?"pass a.ri:; hj·brid ::; ,  stc.tio:i o:- co:::incrcie.l , now available :'or t:ri.s re,:;ion • 
.. 
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SW.MARY 
The effects of seven rates of plantins on yields· of forage, 
grain and stover on eight commercial corn hybrids were studied during 
locations, which r epresent the four major corn areas of South Dakota. 
From three to five hybrids and four to six rates were used at each 
test location on the basis of maturity and environmental conditions of 
that area. 
Yields were found to depend upon the available moisture and a 
s:.i..fficient plant population for its adequate utilization. Total plant 
production curves for any given hybri. d increased with stand to a maxi­
�um, and e�ther reI112.ined constant for additional increments or decreas­
ed sli6htly at the highest populations used. The stand-grain yield 
curves reached a maximum along with total plant production and then 
declined, approaching zero as its limit. Contrariwise, the stover �rac­
tion increased with stand until it approached the total plant production. 
These results confirmed the be.sic s.ssur:lptions mo.de prior to the ini ti­
ation of the experiment. 
The following conclusions based on the results of this experi­
ment may be ma.des 
(1) Ob7iously optimum populations for any area of the state 
depend upon soil �oiature, anticipated rainf'all ,  
el evation , end l atitude. Therefore, r ecommendations 
obtained frol:l ot� states and ca.ny hybrid corn com­
panies are not applicabl e to South Dakota conditions. 
(2) The so-called adva:.tabe of la�� r.ybrids a�pears to be 
associated with :.nade�;,ia.te or non-u..'1ifor.n stands, with 
only adapted genotypes at optimum pla.�ting rates cap­
cble of top yields. 
(5) During years when moi sture becomes a serious limiting 
factor on total grain production the utilization of the tot-
al plant product as forage would be more desirable than 
grain. 
(4) Where growing seasons are limited, plant populations 
above optimum retes W3..Y delay maturity , and so defeat 
the purpose of choosi ng the proper hybrid. 
(5) Breeding proi;rams �are necessary witri.n �.igh Plains envir­
On!llents in order to develop lines �nd hybrids capable 
of ms.ximum prod�ction in the areas. 
( 6) In the areas studied, the grower should seek the 
followi ng uniformly spaced final stands. Highmore 
end Watertown, 8-10 M plants per acre, Brookings 
10-12 M plants per acre; Yankton, (under irrigated 
conditions) a final plant population of 20-24 M 
plants per acre • 
., • •  
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